Abstract-A part under oscillations or free movement about reference position is said to be subjected to vibrations. Most of the structures or parts fail when the amplitude of these vibrations exceed the permissible limit or at resonance condition. The impact damping technique is passive vibration control technique in which an impactor mass is rigidly attached to main vibratory system. The attenuation of vibrations will be due to impact, collision, exchange of momentum and friction in between impactor mass and main vibratory system. This study mainly focuses on investigation of the effectiveness as well as damping performance of particle impact damper (PID) considering effect of material of particle with the help of experimentation. An experimental model of fixed fixed beam with PID has been developed. A single spherical ball made up of aluminium, brass and copper of size 12mn is considered for experimentation to analyze the damping performance. To study damping effectiveness as well as effect of material of particle in PID, the beam without and with 12mm spherical ball of aluminium, copper and brass is examined under forced excitation. Investigation shows that material of particle in PID is an important characteristic which affects the damping performance of fixed fixed beam.
generated at impact will cause the damping [2] . Attenuation of vibration mainly depends upon the type of collision that the impact mass collides with the main mass rather than number of impacts [3] . The presence of gravity also affects the performance of impact damper significantly [4] . Metals, polymers, ceramics and their composites can be used as materials for vibration damping but metals and polymers are found to be better due to their viscoelasticity [5] .
The damper clearance and mass ratio are two important parameters leading to damping capacity [6] . The number of parameters such as mass ratio, particle size and cavity dimension affects the damping performance [7] . The corresponding maximum damping value increases with increasing mass ratio, increasing coefficient of restitution, and decreasing dimensionless structural damping [8] . For lower values of mass ratio the dissipation of energy is more effective and for higher values of mass ratio the transfer of momentum is more effective [9] . The duration of impact is an important factor of effective reduction of vibration response [10] .The size and number of particles should be considered as additional important parameters to develop advanced model of PID [11] . The PID technique is applied for noise reduction of desk-top industrial machine [12] and also on electronic packages of space craft [13] .
The purpose of this paper is to investigate and analyze the damping performance of PID. To carry out investigation an experimental model of fixed fixed beam with PID has been developed. A single spherical ball made up of aluminium, brass and copper of unique size is considered for experimentation to analyze effect of material of particle on the damping performance. The beam without particle and with particle of same size having different material under forced excitation is examined. The effect of material of the particle and without particle on the damping performance for fixed fixed beam is studied experimentally.
II. METHODOLOGY
To carry out specified research work, the system parts for experimentation are fabricated. Fabrication of system part includes aluminum beam of fixed fixed type, an enclosure with cap, a single spherical ball like particle of various materials such as aluminium, brass and copper. Beams are used as fundamental models for representing many structural elements of engineering such as tall buildings, robot arms, automobile frames, machine frames and bridges.
In order to carry out proposed research work the aluminum beam which is having fixed support at both the ends is used. The ends of aluminum beam are fixed on C channel frame and beam was clamped at both the ends on the frame by nut and bolt arrangement. This set up gives the free length of beam as 440 mm available for experimental purpose. The hole of diameter 6.1mm is drilled at specified location on the beam as shown in figure 1 in order to mount and fix the enclosure. The detailed specifications of aluminum beam used in research work are as follows. The enclosure used for experimentation is made up of aluminum which is cylindrical in shape. By carrying out different operations on lathe machine the enclosure is finished to outer diameter as 37mm, inner diameter as 35mm and height is restricted to 55mm. A hole of drill size 5mm is drilled at the base of the enclosure in order to mount enclosure on the beam. The top surface of enclosure is open and in order to seal it a cover of aluminium material is used. This cover restricts the motion of particle in the enclosure. To analyze the effect of material of particle of PID on the damping performance, the ball made up of different materials of same size is selected. A single spherical ball like structure made up of aluminium, brass and copper of size 12mm diameter is used as shown in figure 3 and it is placed inside an enclosure as shown in figure 2. The selected particle is assumed to be spherical in nature and has uniform diameter. These balls are made from investment casting with vax pattern. It is assumed that the casting is free from different manufacturing casting defects such as blow holes, porousity.
III. EXPERIMENTAL PROCEDURE
The experimental model carries one aluminum beam of dimensions (440mm X 50 mm X 3.5mm) with a hole of diameter 6.1mm drilled at specified location. Both the ends of aluminium beam are mounted on C channel and clamped by means of nut and bolt arrangement which restricts the motion and defines the boundary condition as fixed-fixed. The figure 4 shows the PID i.e. enclosure along with spherical ball is mounted at the center of beam by means of nut and bolt arrangement. The PID consists of the single spherical particle of metal that can damp the vibrations of the beam. The enclosure along with aluminium cover carrying single particle of metal, located at the center of the beam acts as PID. The excitations of various frequencies are applied at the center of beam i.e. nearer to the location of PID by means of exciter tip. The position of exciter tip is adjusted below the beam and enclosure and gap between exciter tip and beam is maintained to 1mm to 2mm. Accelerometer is mounted on the top of an enclosure. The signatures of the vibrations are collected for external excitation frequency with specified characteristic of PID. The response of vibration is collected, recorded and analyzed by using FFT along with DEWESoft.
IV. RESULTS AND DISCUSSIONS

Transient excitation analysis for calculating natural frequency of the system
The significance of transient vibration will play vital role to determine the natural frequency of the system in undamped condition. The primary system constitutes the aluminium beam fixed at both the ends along with enclosure mounted and fixed at the center by nut and bolt. The enclosure is empty i.e.it will not carry any spherical ball sized particle and the enclosure is covered by aluminium cap. The accelerometer is mounted on aluminium cap to record the response of vibratory system. Transient vibration experiments were done by applying some initial impact or some initial displacement of 5mm to the primary system. The beam was displaced from its equilibrium or mean position because of impact or initial displacement. The system is allowed to oscillate freely about its mean position and vibration response is recorded. The frequency at which maximum acceleration and maximum displacement is recorded, will be the natural frequency of system. The various readings of the frequency in Hz at which maximum acceleration was observed are as follows. Table2 shows the values of frequencies at which maximum acceleration of the system is recorded. By repeating the experimentation for five times, for frequency 53.71, the maximum peak is observed i.e. maximum acceleration is observed. The value of recorded frequency is 53.71 which will be considered as natural frequency of the system in undamped condition. While investigating natural frequency of the system, use of exciter is avoided.
Forced excitation analysis for damping performance of various materials of particle
If the system is exposed to the external force, then the system supposed to be under forced vibration. The experimentation is carried for certain specified range of external excitation frequency. The range of external excitation frequency is such that one of the frequency of external excitation should be coincides with natural frequency of the system. From transient excitation analysis, the natural frequency of the system is 53.71Hz. Therefore the selected range of excitation frequency is from 40Hz to 60 Hz with step increment of 5Hz.
The enclosure is filled with single spherical ball made up of aluminium, brass and copper of size 12mm. The enclosure filled with single particle of specified material is allowed to vibrate under the desired range of external excitation frequency. While carrying out the whole experimental investigation the position of exciter tip along with exciter is maintained constant i.e. at center position only and fixed gap of 2mm is maintained in between fixed fixed beam and exciter tip. To study and investigate the effect of material of the particle on the damping performance of fixed fixed beam, the response of vibration for 12mm ball size of aluminium, brass and copper is collected and recorded by means of FFT. The recorded data is further analyzed with the help of DEWESoft. The different values of acceleration and amplitude recorded for 12mm ball size of aluminium, brass and copper are shown in following table. The acceleration and displacement recorded for various materials of 12mm ball size are represented in the form of graphs as shown in figure 5 and figure 6 for comparison purpose. From the table 3 and table 4 , it is observed that when the system is made to vibrate, keeping the location of PID at center, the values of acceleration and amplitude i.e. displacement of the system is directly proportional to the excitation frequency up to certain limit. The values of acceleration and amplitude goes on increasing with increasing values of frequencies and maximum acceleration is observed at 55Hz frequency which is nearer to natural frequency of the system. Further if the frequency is increased the value of acceleration goes on decreasing. The weight of the system, along with effect of strong biasing force such as gravity, will try to damp the vibrations and hence their will be less values of acceleration and amplitude, when the excitation frequency reaches its natural frequency.
When the system is made to vibrate without having particle in enclosure, maximum value of acceleration recorded is 63 m/s 2 at 55 Hz excitation frequency. As there is no particle in the enclosure so there will be no impact of ball with wall of enclosure and hence no exchange of momentum. Because of no exchange of momentum their will not be any energy loss and finally system is said to undamped system.
Further if a single spherical ball of 12mm made up of either aluminium, brass or copper is placed inside an enclosure, vibrations are firstly absorbed by spherical ball and spherical ball having clearance inside an enclosure, will move freely inside an enclosure. So dissipation of vibrational energy will occur due to impact and exchange of momentum and friction during impact. This shows that the vibrations of fixed fixed beam are reduced with effective implementation of PID. The dissipation of vibrational energy i.e. damping performance depends upon material of the particle.
From the figure 5 and figure 6, 12mm copper spherical ball will show more damping performance than 12mm brass or 12mm aluminium ball. The mass of 12mm spherical ball made up of aluminium, brass and copper is 2.12gm, 6.45gm and 7.20gm respectively. At 55Hz excitation frequency 12mm copper is having least value of acceleration as 56.5 m/s 2 and least value of displacement as 4.67mm as compared to brass and aluminium. Therefore 12mm copper will have more damping performance. The damping performance of 12mm brass ball is 6.16% more than 12mm aluminium ball. The damping performance of 12mm copper ball is 2.24% more than 12mm brass ball. Hence an important characteristic, material of the particle affects the damping performance of particle impact damper for fixed fixed beam. The ball made up of copper will show more damping performance than the ball made up of brass and aluminium. Hence the material of the particle having high density will show more damping effect than the material of the particle having low density.
V. CONCLUSIONS
From experimental analysis it is concluded that: 1. With effective implementation of particle impact damper the vibrations of fixed fixed beam has been reduced. 2. Material of the particle, affects the damping performance of particle impact damper for fixed fixed beam. 3. The ball made up of copper will show more damping performance than the ball made up of brass and aluminium. Hence the material of the particle having high density will show more damping effect than the material of the particle having low density.
The objective of paper was to analyze the damping performance of particle impact damper for fixed fixed beam. The material of particle in PID affects the damping performance when system is allowed to vibrate under different excitation frequencies nearer to natural frequency of the system.
